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I .  INTRODUCTION 


The  broad  objective  of  thl?  conti’aci  Is  the  deveicprent  of  a 
usable,  fire-resistant  water-base  hydraulic  fluid  for  shipboard 
use,  in  which  the  nonaoueous  phase  Is  fire  resistant.  The  con¬ 
tract  effort  Is  restricted  to  water  scluttons  as  co:. t  racked 
with  emulsions  and/or  suspensions. 

Plre  resistance  In  the  nonaqueous  phase  is  Important  In  hydraulic 
systems  operating  at  5000  psl,  where  the  aqueous  phase  In  certain 
segments  of  the  system  may,  under  special  circumstances,  evaporate, 
thereby  leaving  a  hazardous  explosive  residue,  and  where  spray 
leaks  develop  there  may  be  i^ammable  residues  exposed  to  Ignition 
sources . 

The  suggested,  desirable,  and  tentative  specifications  for  a 
fire-resistant  water-base  hydraulic  fluid  are: 


1. 

Autogenous  Ignition 
Temperature 

(AIT)  >  9CC®F  (nonaqueous  phase) 

2. 

Plash  Point 

(AIT)  >  ^50®F  (nonaqueous  phase) 

3. 

Plre  Point 

(AIT)  >  55C®P  (nonaqueous  phase) 

H. 

Viscosity  cs. 

85c  (max)  at  25 ®F  and  25-31 
at  150®P 

5. 

Pour  Point 

C®F  (max) 

6. 

Shear  Stability 

±1C5^  change  at  15C®P  (max) 

7 . 

Specific  Gravity 
60/60®P 

1 . 0-1 . 2  (1.6  max ) 

8. 

lubrication 

Shipboard  screw  and  variable  stroke 
piston  pumps  at  5000  psl 

9. 

Compatibility 

(a)  Metals 

Steel,  copper,  copper-nickel, 
nickel -copper-bronze,  phosphorus- 
bronze,  and  anodized  aluminum 
(see  metal  specifications) 

(b)  Elastomers 

Buna  N 

(c)  Sea  Water 

Functional  with  105^ 
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iNCM  COMKMATION  • 


10.  stability 


(a) 

Storage 

-2C  to  +110®F 

(b) 

Use 

•^25  to  180®F 

(c) 

Filterable 

5  Micron  filter 

11. 

Foaming 

No  stable  foam 

12. 

Toxicity 

Non-haza.rdous 

13. 

Fluid 

Residues 

Water  soluble. 

Our  approach  to  this  problem  will  be  divided  Into  four  major 
phases : 

(1)  Selection,  by  synthesis  and  evaluation,  of  one  or  two 
fire-resistant  pour  point  depressants. 

(2)  Selection  of  a  water-soluble  polymeric  thickener 
compatible  with  the  pour  point  depressant. 

(3)  Iniilbltlon  of  the  specified  metals  against  corrosion 
In  the  liquid  and  vapor  phases  by  the  water  solution  of  the  pour 
point  depressant  and  thickener. 

(4)  Compounding  the  finished  fire-resistant,  water-base 
hydraulic  fluid. 


II.  SUMMARY 


Partial  alkyl  ester  alkali  salts  of  phosphates  and  phosphonates 
are  promising  candidates  as  pour  point  depressants  for  fire-resistant, 
water-base  hydraulic  fluids.  These  compounds  appear  hydrolytically 
stable  In  alkaline  solution  at  200®F  auid  possess  high  autolgnltlon 
temperatures  (AIT). 

The  alkylphosphoramldates,  because  of  their  low  AIT  values,  are 
of  no  value  for  this  application.  Mono -chlorination  of  an  n-alkyl 
phosphate  also  makes  no  contribution  to  the  AIT  of  the  trlalkyl 

ester. 

Water-soluble  aromatic  phosphates  without  hydrolytic  stabilization 
are  of  no  further  Interest. 


III. 


GE!;ERAL  discuss tcn 


/ 


In  the  present  contract  period  nu'^.ercus  exploratci^’  scouting 
je/^periments  were  conducted,  along  v;ith  a  corple.'nentary  synthesis 
Iprcgram,  in  an  effort  to  establish  the  utility  of  phosphorus 
esters,  phosphorar.ldates  and  partial  ester  (alkali;  phosphates, 
and  phosphonates  as  fire-resistant,  pour  point  depressants. 

We  have,  in  general,  leaned  heavily  toward  the  alkyl  phosphorus N 
derivatives  in  preference  to  the  aryl  derivatives  because  of  a 
reference  in  the  literature  by  R.  H.  S.  Flir.r.er  and  W.  J.  N.  Burch 
(J.  Chem.  Soc . ,  1929*  2^9),  in  which  these  authors  report  the 
mono-,  di-  and  tri-phenyl  phosphates  are  completely  hydrolyzed 
by  dilute  acid  and  by  dilute  alkali.  Our  results  substantiate 
their  data. 


Further,  as  a  result  of  the  hydrolytic  instability  of  the  water- 
soluble  trlethyl  phosphate  (this  report)  and  of  the  low  AIT's 
of  the  phosphoramidates ,  we  have  preferred  the  partial  alkyl 
ester  (alkali)  phosphates  and/or  phosphonates.  The  mono-  and 
di-alkyl  esters  of  phosphates  have  been  reported  by  Plinmer  and 
Burch  (ibid)  to  be  stable  in  alkaline  solution  and  our  results 
have  also  substantiated  this  finding. 

The  introduction  of  secondary  cunino  groups  into  aryl  phosphates 
to  produce  diaryl  phosphcramidates  has  a  stabilizing  effect  on 
the  hydrolytic  stability  cf  the  molecule.  We  are  therefore 
synthesizing  a  molecule  of  the  following  structure. 


C1^0^-P-N(CH^)c 

\  " 


OK 


to  obtain,  if  possible,  some  Improvement  in  the  AIT  above  the 
level  (approaching  9CC*P)  shown  by  the 


(ro)^-p-(ok:^ 


type  molecules.  Additional  and  more  specific  observat lc*iS  are 
made  in  the  subsequent  sections  of  this  report. 
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•  MOMSAMTO  mnCAIICM  COtNKWATlON  • 


IV.  PHYSICAL  TESTING 


A.  FLAMMABILITY  PROPERTIES 


If  a  water-base  hydraulic  fluid  Is  to  be  obtained.  In  which  the 
water-soluble  portion  has  an  AIT  of  900'’P  or  higher,  then  the 
pour  point  depressant  should  possess  the  maximum  AIT  to  compensate 
for  aoiy  patent lai  cowering  iixjn.  the  addition  of  a  thickener. 
Therefore  the  AIT  values  of  a  variety  of  water-soluble  phosphorus 
compounds  were  examined  In  this  contract  period  auid  are  reported 
in  Table  1.  Prom  these  data  some  broad  conclusions  can  be  made: 

1.  The  aliphatic  phosphoramldates  are  materially  lower  In 
AIT  than  the  closely  analogous  esters  (compare  compounds  46C, 

462,  and  423  with  compounds  455,  437,  and  46?).  These  values 
for  the  phosphoramldates  ellmlna*-e  this  class  from  further  con¬ 
sideration  per  se. 

2.  The  Introduction  of  6-chlorlne  Into  trlethyl  phosphate 
contributed  essentially  nothing  to  the  AIT  of  the  ester  class 
(compare  Cpds.  437  and  456).  This  is  probably  due  to  the  low 
decomposition  temperature  of  the  halogenated  compound. 

3.  There  la  a  suggestion  that  the  mono-  and  dl-alkyl 
(alkali)  phosphates  and  the  alkali  alkylphosphcnates  may  be 
higher  In  AIT  than  the  neutral  esters  (compare  Cpds.  455  with 
442  and  443;  Cpds  467  with  451  and  465). 

4.  Prom  these  AIT  values  the  alkyl  (alkali)  phosphates 

and  alkali  alk^rlphosphonates  are  Judged  candidate,  fire-resistant, 
pour  point  depressants.  (See  compounds  441,  442,  443,  451,  463* 
and  465 ) • 

5.  A  water-soluble  phosphine  oxide  was  low  In  AIT  (Cpd.  438). 


B.  HYDROLYTIC  STABILITY 


As  previously  mentioned,  Pllmmer  and  Burch  have  reported  the  mono-, 
dl-  and  trl-phen  '1  phosphates  as  hydrolytically  unstable  in  dilute 
alkali  and  In  dilute  acid.  The  results  (see  Table  2)  of  our  small- 
scale  tests, both  with  crganlc  bases  and  with  alkali,  corroborate 
their  results.  The  salt  uf  phenyl  phosphate  at  p®  7  shows 

only  a  trace  of  hyc;o lysis  as  measured  by  NMR  (see  Cpd.  433).  The 
lower  limit  of  detection  by  NMR  of  a  different  phosphorus  environ¬ 
ment  Is  about  This  suggests  ihat  a  mono -aryl  phosphate,  to 

have  amy  utility,  must  be  stabilized .  Stabilization  may  be  effected 
by  conversion  to  the  phwsphoramidate,  l.e.. 


Table  1 


FLAMMABILITY  PROPERTIES 


AIT 


Time 

Micro 

MRC  No. 

Compound 

Sec . 

Flash 

"F. 

Flr^ 

*F. 

455 

,  J 

(CHjOjjP 

725 

13 

- 

- 

^37 

0 

84C 

5 

- 

- 

467 

CH^-P-(0CH:^)2 

70C 

22 

- 

- 

456 

(C1CH2CH20)^^ 

85c 

3 

518 

608 

444 

1 

(C1CH2CH20)2P-CH2CH2CN 

805 

5 

507 

no  fire 
581 

447 

CH2-CH-L  ( OCH2CH2C 1 )  2 

n 

745 

6 

*• 

- 

460 

(CH30)2-P-N(CH3)2 

50c 

1C 

- 

- 

462 

(CH30)-P^(CH3)2_72 

n 

495 

5 

- 

- 

423 

/rCH3)2N73-P 

0 

485 

9 

265 

360 

443 

1  . 

CH30-P(0K)2 

925 

18 

5 


Table  1  (cont'd) 


AIT 


¥S^  Nq. 

Comoound 

•f. 

Time 
Lag 
Sec . 

Micro 

plash  Fire 
“F.  "P. 

U42 

1 

fCH'.0)p-f-0K 

840 

15 

446 

no  fire 
644 

468 

0 

(C2H50)24-0K 

g 

- 

- 

- 

- 

441 

(C2H50)2P0Na 

g 

830 

9 

493 

604 

463 

C2H50-P(0K)2 

875 

17 

- 

- 

^33 

{ 

Ogj;-c 

1165 

4 

370 

no  fire 

682 

465 

? 

CH3-P-(0K)2 

1140 

53 

- 

- 

339 

? 

C2H5-P-(0H)2 

910 

75c 

nc  fire 

760 

^51 

? 

CH3  •P-(0CH3)(0K) 

880 

i7 

- 

- 

434 

/f6K5_7jl>OH 

0 

116c 

4 

59U 

no  fire 
7'»3 

438 

,  ,  ? 

(H0CH2)^P 

62s 

4 

464 

50c 
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WfPHPLYSlS^^^  OF  i 


HflC  Ho  , 

Co«Bound 

tatio 

Cpd/H-vC 

k6t 

? 

C.'V-O'o'S 

OH 

'  giTTf  X 

3 • 1 /I . 11 

*33 

« 

c^i%o-r-(oH)- 

n 

3  . ':  /I .  r  3 

•33 

C^II^O-f-fOH)^ 

0 

:.o/2.c 

•33 

f 

Cj,H^O-P-(OH)j 

■’  O/i.C 

•33 

f 

C^H^O*P-(OR). 

P 

r.c/: 

•33 

♦ 

C^IW,0-P-{0H)-, 

- . o/r . c 

•33 

r.o/?.c 

•33 

S 

C,  I^O-^-(Oll);, 

1/1 

•33 

1 

c^o-r.{«i)j 

1/1 

(1) 


Title 

OP  AHYI  PHO£PHATE^  ANT  AHT.  PHuJPHCl.ATKJ 


Salt 


»-F 


Ht  .  a 


v- 

4  .'  alvs's 

r  l  x 


.11  Hone 


ArH  1 


'.O'  e 

■•c'e 


3  (tone 


AcH  1- 


1- 


•  C  (torphollr.e 


.e4  2 


.0  Trlethylarlre 


1- 


•  a  :  1  .  .  'C  .  • *  » 


NaOH 


Benzylt  rlaethjr  1 
>nlv*'  hydro* He 


"F 1  e*  » 


Dabcc 


l-Clk-CIt-N 


r  le'  e 


hboh 


or  1  "J. 


D«bco 


a 


which  is  one  additional  t^T^e  molecule  currently  under  investigation 
in  this  class. 

The  apparent  hydrolytic  stability  of  compound  466  is  probably  due 
to  its  insolubility. 

The  hydrolytic  data  on  alkyl  phosphates  and  their  salts  are 
shov.'n  in  Table  3*  Water-soluble,  low  molecular  weight  trialkyl 
phcsrhates  are  of  insufficient  hydrolytic  stability  for  this 
appli'^ation  (see  Cpd.  437).  Although  anomalies  exist  in  these 
data,  they  dc  indicate  that  the  alkyl  (alkali)  phosphates  have 
adequate  stability  for  this  application. 


C.  FRSEZirG  PC  HIT 

Solutions  were  rriode  of  diethyl  potassium  phosphate  (Cpd.  468)  as 
shown  in  Table  4.  Prom  these  data  the  attainment  cf  satisfactory' 
pou  ”  points  and  freezing  prints  for  the  objectives  of  this  con¬ 
tract,  using  alkali  salts  of  the  alxyl  phosphates,  appears  to  be 
no  problem. 


D.  CORROSION 


Preliminary  cori'oslon  screening  tests  were  conducted  with  dlsodium 
ethylphosphonate  as  shown  in  Table  5*  Although  the  quality  of 
this  acid  has  now  become  questionable,  it  does  suggest  that  this 
type  of  molecule  in  the  absence  of  sea  water  is  not  corrosive  to 
steel.  Experiments  have  begun  which  will  determine,  more  firmly, 
if  tne  alkali  salts  of  alkylphosphonates  and  alkyl  phosphates 
are  noncorrosive  and  at  what  p”. 

In  this  preliminary  experiment  corrosion  does  take  place  rapidly 
in  synthetic  sea  water.  Inhibition  against  sea  water  corrosion 
will  be  investigated.  The  synthetic  sea  water  was  fonrrulated 
according  to  Interim  Federal  Specifications  in  P-S-6IC  (Navy 
Ships),  2P  March  1?52.  We  are  proposing  to  use  natural  sea 
water  in  forthcoming  tests. 
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•  MOWSAMTO  nCMAMCM  COWWOMATIOM  • 


MONSANTO  MCOCAnCH  COAPOKATION 


ffigpagLHis  OF  kixn  marm 
(Coke  Bottle  Tei 


lacjia- 

CosBoiaK! 

MUoTte 

Teap 

•F. 

Tlae 

hrs 

*37 

1 

ir\ 

O 

75/25 

?0C 

48 

i»68 

,  ,  1 
(C2l^0)p-P0K 

37.5/37.5 

37.5/37.5 

?oc 

20c 

48 

48 

25/25 

20c 

48 

25/25 

?oc 

48 

itki 

(CpH^o'/pPOBa 

25/25 

roc 

48 

M? 

? 

(CR30)pPOPC 

25/25 

48 

463 

0 

f 

C^O-P-(OI()^ 

25/25 

20r 

4fl 

Speciricet!on  Itelts 


(1)  Coapound  k37  «u  run  ualnc  standard  Coke  Itottle  Itotles. 
Other  runa  were  on  a  aaaller  acale. 


I 


Tablt  3 


msiR  AW?  MiCTL  wry,  pwosphatbs 

iy*t 


12.67  1.2 

Ky4rol]rz«<] 


7  8.5  O.85S 

7  ’.6  o.n* 

10  -  0.00 

9.1  8.?  C.039 

6.0  -  .  0.5-1 


8.0  o.C  C.kk 


9.35  C.03Q 


0..’ 


C.  3  ttg. 'cm 


Lia _ 

Corroalon 


Etched  badly 


Etched  badl> 
Copper  brown, 
no  etching 
Copper  dark 
brown,  no  etcMng 
Copper  brxjwr, 
no  etching 


Appear^  etched 


Copper  brown, 
nc  i'gr  ot  etching 


Te  m !  ehed  end 
etched 


tteble  k 

PICBIMR  POPnS  OF  AaUMPOS  Ftt 


awe  Mp- 

468 


CoMPOund _ 

Diethyl  potMslia  phosphate 


%  Concentration  in 
Aqueous  Solution 

50 

40.,' 


Th!-le  S 

pgmciwcf  COMOSK 


HUC  Wo.  CoaBound 

469  Dlsodlw  ethylphoaphonate 

470  Dtpotasstua  athylphosphonate 


C< 

-  apllrant  _ 

DlstlHsd  water 
Distilled  water 


None 

Bthjrlphoaphonlc  Acid 


Artiriclal  sea 

water 


Artificial  sea 

water 


339 


le 

t  rapsPHORUs  acid  salts 


•p. 

I  in  Pour 

on  Point  _ _ He— 


-50  o««ple  cryattlllzed 

“2C  S«nple  crystal llr.o'i  -  r.eltei  «r 

-i4'p.  Will  8jp«rcccl  to  -3C  P. 


e  *> 

iPSioM  pm 


Concentration  ^ 
_ 1_ _  B_ 


Wetal  Uaed _ 

5r*-lW~^e»l  tovcet-  Terp  Hwaai  ka 


30 

8.0 

T 

No  ccr-x  e  '  v 

after  fc-ee^e 

30 

8.0 

X 

'OC'P 

’’o  c  r -VP  1,  : 

after  • 

b.5  r 


cr  P  Co.  roe'o*  :  »*verc 
In  me  .• 


3C 


.'ol'it  !or  *  .  *1 

rornoalrr 
after  1"^  i-» 


X 


V.  SYNTHESIS 


The  following  synthesea  wex*e  carried  out  to  support  this 
program. 

Phosphine  Oxidea 

Trla(hydrogymethyl)photphfne  Oxide  (Cpd.  ^38)  was  prepared 
in  near  quantitative  yield  by  the  hydrolysis  of  tetrakis- 
(hydroxyinethyl)phosphoniuB  chloride^ 

Hop 

(HOCH2)i4-F'Cl  •»>  BSCO3  (H0CH2)3P-0  BaCl2 


The  barium  was  reisoved  from  the  dilute  solution  by  precipitation 
with  H2304«  followed  by  concentration  to  remove  the  hydrochloric 
acid  and  some  fonsic  acid.  The  neutral  product  was  finally 
obtained  by  passing  the  solution  through  an  anion  exchange  column. 

Phosphates 


(HO) 


1  + 


^  HCl 


R  =  Et  -  bp  86VIO  ram,  n^  1.4150 
R  =  Me  -  bp  81V19  mm,  n25D  1.4110 


(HO) 


i 


KCl 


The  dehydrated  product  was  oeparated  from  the  KCl  by  dissolving 
in  a  minimum  of  cold  methanol,  filtering,  and  subsequently 
removing  the  solvent  under  vacuum. 

This  two-.step  process  was  avoided  in  the  preparation  of  the 
diethyl  sodium  p^sphate  (Cpd.  44l)  by  direct  hydrolysis  of  the 
trletnyl  phosphate: 


11 


CoHcOH 


(C2H50)3P  ♦  NaOH  -  iP»  (C2H50)2f0Na 

Pipotagaium  Methyl  Phoaphate  (Cpd.  4^3)  yid  Dlpotaaaiuin  Ethyl 
Phoaphate  fftpd.  46ji)  were  prepar^  by  the  following  reaciiona : 


0-10* 

BOH  +  POCI3  - ^  RO  P  CI2  HCl 


no 


I 

PClo  +  ^KOH 


HO  P(0K)2  +  2KC1 


The  properties  and  yields  of  the  first  two  Intermediates  were: 

CH3ofci2  ,  bp  47.5®/13  wn;  n^^p  1.4332;  yield  72% 
C2H5ofci2  ,  bp  56.5V13  mm;  n^^p  1.4323;  yield  84j« 


Purification  of  the  partial  ester  salts  was  effected  by  treating 
the  dry  salt  with  a  njlnlmum  cf  cold  methanol  In  which  the  KCl  Is 
essentially  Insoluble. 

Attempted  hydrolysis  of  the  methyl  phosphorodlchlorldate  to  the 
add  using  the  stoichiometric  quantity  by  water  resulted  In 
hydrolysis  of  some  methoxy  ester  linkage,  as  evidenced  by  the 
presence  of  phosphoric  acid  as  shown  by  NMR. 


7  cc  Id 

CH30PC12  H2C  - ^ 

3-ChloiX)ethyl  Phosphorodlchlorldate 

HexaLT.e 

POCI3  +  HOCH2CH2CI  . 


i(0H) 


CH30P(0H)2 


CICH2CH2OPCI2 


L 


12 


This  reaction  was  carried  out  in  an  attempt  to  get  both  P-chloro- 
ethyl  phosphorodichloridate  and  bis fp-chloroethyl )  phosphorochlori- 
date  as  intermediates.  A  yield  of  ^.8)1  of  the  dichloridate  was 
obtained  and  little  or  no  monochloridate. 

Vhen  the  molar  ratio  of  ethylene  chlorohydrln  to  POCl^  was  2:1, 
a  15*7J^  yield  of  dichloridate  and  l8.7Jl  of  monochlorlaate  was 
obtained.  Experiments  using  triethylamine  as  HCl  scavenger 
resulted  in  a  viscous, undlstillable  residue  formation. 

In  view  of  the  low  AIT  value  (85C*P)  for  the  trie (0-chloroethyl ) 
phosphate  (Cpd.  ^56),  these  two  intermediates  will  be  held  in 
abeyance. 

Phosphcnates 

Methylphosphonic  Acid  (Cpd.  UU6) 

This  compound  was  prepared  by  HCl  catalyzed  hydrolysis  of  dimethyl 
methylphosphonate.  A  59J^  yield  of  product,  mp  102-103®C  (acetone- 
ether),  was  obtained. 


T,  ,  HCl  T,  , 

CH3p(CXm3)2  ^  2HDH  - ^  CH3-^(0H)2  +  2CH3OH 


The  diPotaasiUBi  methylphosp^nate  (Cpd.  ^65)  was  made  by  titrating 
the  m^ylphosphQnic  acid  (dpd.  hUa)  with  aqueous  potassium 
hydroxide  to  a  of  10  and  evaporating  to  dryness  under  high 
vacuum  at  80*. 


by 

in 


Methyl  Potass ixim  Itethy iphosphonate  (Cpd.  ^51)  was  prepared 
hydrolysis  or  dimethyl  mechyl  p^osphonatc  for  I.5  hre  at  20* 
water  solution.  The  final  p”  was  8.1. 


-(CX:H3)2  +  KOH 


? 

CH3-P-(0CH3)(0IC) 


♦  ch-oh 


by  the 


Phenyl  Hydroaen  Butylp^sphonate  (Cpd.  466)  was  synthesized 
e  following  sequwce  of  x*eaciIon3 : 


? 


Lng  sequence 

90* 


CijHgPCl^  C5H5OH 


I 

*  ChHoPI 


C4H^-f(0C^H3)Cl  ♦  C4H^P(0C5H^)2 

bp  _  lCX)*/0 . 04-0. 06mm  bp  142-3®/C.0  6  Rtn 


DP  lou 

n^  1. 


5093-1.5095 


op 

nOD  1. 


53^9-1.5351 


33 


Ci4H9-P-(OC6H5)(OH)  +  HCl 


C4HQ-i>(0C6H5}Cl  ^ 


Ether 

25“-30* 


This  product  was  characterized  by  NMR. 

Attempted  Partial  Saponification  of  Bis (&-chloroethyl ) 
Vlnylphospnonate  In  accordance  with  the  equation. 


(0CH2CH2C1)2 


+ 


KOH 


C 

CH2«CH-FK)CH;pK2Cl 

\k 


KCl 


at  20-25"C  resulted  In  a  viscous  llquld/solld  mixture  (after 
dehydration).  It  appeared  that  dehydrohalogenatlon.  Instead  of 
saponification,  had  occurred. 

Phosphoramldatea 

pc  Tetramcthyl  Phosphoramldate  (Cpd.  46o)  (bp  81®/!^  mm; 

1.4 168)  was  prepared  In  yield  by  the  following 

reaction : 


(CH30)2PC1  +  2KN 


Ether 


'^H3 

_ hyl£ 

in  an  8'^  yield  acco 

L 

)rcio  + 


i  ^”3 

^CH3 


>1et^l  Tetramethylphosphorodlamldate 
yield  according  tc  the  equation : 


(CH30)2l 

e  Ppd .  462)  was  prepared 


CHoCl 


4(CH3)2NK 


The  water-soluble  compound  distilled  at  99*/l  ■  mm  and  the 
was  1.4364. 

m-Chloropheny 1  Dime thy Iphospho ram idcchlorldatc  was 

syntheelTedDythereaFtToricf~one~"fr^Te~o7nTpFFToi^pheny  Iphos  - 
phorodlchlcrldate  with  lwo  moles  of  dimethyl  amine,  one  mole  of 
which  was  consumed  as  hydrogen  chloride  scavenger. 


Cl 


-Cl2  +  2(CH3)2NH 


benzene 

10-55*^ 


Cl 


6i 


-N(CH3)2 


4 


HN(CH3)2-HC1 


The  product  dleMlled  at  124-i29*/0.30-C.C9  mm;  n^^  1.5258, 

71%  yield. 

Attempted  hydrolysis  of  this  dlrethylphosphorsmidochlorldate 
to  the  potassium  salt  In  water,  U8lr>g  potassium  bicarbonate,  was 
unsuccessful . 


KHCC 


H2O 

C6H6 


Cl 


-OK  • 


NMR  pattern  and  Integrated  area  suggested  that  the  sample  was 
a  mixture  of  the  desired  material  and  a  contaminant  containing 
no  (CH3)^-  group. 

Uhsuccessful  also  was  the  hydrolysis  of  dlethylphosphoramldlc 
dlchlorlde  to  the  dlpctasslum  N,N-dlethylphosphoramldate 


C 


(C2K5) 


•f 


KOH 


{0K)2 


The  molecule  hydrolyzed  con^jletely. 


VI .  FUTURE  PLANS 


1.  Detennl’^e  the  optlmu.'n  compcuri  as  a  pour  point  depressant 
In  the  class  of  phosphates  and  phosphonates . 

2.  Determine  the  compatibility  of  tnese  two  classes  with  paint. 

3.  Determine  con^atlblllty  of  the  pour  nolnt  depi^ssart  with 
sea  water  from  a  precipitation  standpoint. 

4.  Give  consideration  to  nor.-phosphc~uB  halogenated  organics. 

5-  Investigate  thickeners. 
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